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new polypeptides associated with act1vatory 
Receptors and their biological applications 

The invention relates to new particular polypeptides capable of transducing 
a signal originating from an activatory receptor for class I MHC molecules, 
functioning both as an autonomous receptor or as a co-receptor, and a KAR 
{Killer-cell Activatory Receptor), in particular to the antibodies obtained from said 
polypeptides serving as immunogens, and to the nucleic acids corresponding to 
said polypeptides. 

The invention also relates to the processes for obtaining such polypeptides 
and to the biological, more particularly, preventive, therapeutic and diagnostic 
applications, of said polypeptides, antibodies and nucleic acids. 

In order to maintain the coherence and to ensure the integrity of the body, 
the immune system must bring into play a coordinated system of intercellular 
communications. 

Different types of receptors are involved in these communications. 
Three of them, namely the receptors for the antigen of B lymphocytes (BCR), the 
receptors for the antigen of T lymphocytes (TCR) and the receptors recognizing 
the Fc portion of antibodies (RFc), are now well described and their different 
structures are relatively well known. 

Other receptors which are neither receptors for antigens, nor receptors for 
antibodies have been described but their structures and action mechanisms are still 
little known. 

These are the receptors for molecules of MHC (Major Histocompatibility 
Complex) such as KARs {Killer cell Activatory Receptors) and their inhibitory 
counterparts, KIRs {Killer cell Inhibitory Receptors). 

KARs and KIRs are not limited to NK cells: they are also naturally 
expressed by T cells. 

KARs are highly homologous with KIRs (up to 96% homology between 
KARs and KIRs at the extracytoplasmic level). 

However, KARs and KIRs do not perform the same functions: KIRs are 
involved in the negative (inhibitory) control of the activation of NK and T cells, 
whilst KARs are involved in the positive (stimulatory) control of the activation of 
NK and T cells. 

Major differences as regards the trans- and intracytoplasmic domains were 
demonstrated between the activatory isoform (KAR) and inhibitory isoform 
(KIR). 

In fact, unlike KIRs, KARs express a charged amino acid residue (lysine) in 
their transmembrane domain and do not contain an ITIM unit (immunoreceptor 



inhibition unit based on tyrosine residue(s)) in their intracytoplasmic domain. For 
all that the monomeric KAR receptors do not contain an ITAM unit 
(immunoreceptor activation unit based on tyrosine residue(s)). 

The situation observed for KARs, activatory receptors for MHC molecules, 
and members of the IgSF (immunoglobulins superfamily), namely an activatory 
receptor, counterpart of an ITIM inhibitory receptor, itself presenting neither 
ITIM, nor ITAM but presenting a transmembrane charged amino acid (lysine, 
arginine, aspartic acid, glutamic acid), can be observed for other types of 
receptors. This is so for the case of activatory (or at the very least non inhibitory) 
receptors for MHC molecules, such as NKG2C/D (which is of lectin type and the 
inhibitory counterpart of which is NKG2A/B), but also for other non inhibitory 
receptors, such as SIRP f3 and ILT 1, the ligands of which are still unknown and 
which have been described either as hematopoietic cells and on non-hematopoietic 
cells (SIRP (5), or on B cells, macrophages and dendritic cells (ILT1). 

KARs can function as autonomous receptors, in particular for class I MHC 
molecules. Thus it is known that the engagement of KARs with class I MHC 
molecules expressed on the surface of target cells, initiates the lymphocyte 
activation programmes as established by the fact of Ca 2+ intracytoplasmic 
mobilisation and the induction of lysis of the target cells. 

In addition to their functions as autonomous receptors for MHC molecules, 
KARs can also perform co-receptor functions for TCR and RFc receptors 
(Mandelboim O. et aL, 1996, Science 274:2097; Cambiaggi A. et al., 1996, Blood 
57:2369). 

In fact, during the recognition of constant fragments (cF) of 
immunoglobulins G (IgG) by receptors such as CD16 (RFcylll), and during the 
recognition of antigens by the CD3/TCR complex restricted by class I or II MHC 
molecules, KARs can play the role of co-receptors and thus augment the intensity 
of the cell response, in particular faced with small quantities of antigens, maintain 
the cell response over time, and also cooperate in the stimulation of cell 
proliferation. 

The role of KARs, naturally expressed on NK and T lymphocyte sub- 
populations, is not restricted by their own ligands, namely the class I MHC 
molecules, but extends to the equilibrium of the immune system generally. 

The functioning of naturally expressed KARs therefore influences the 
proliferation of NK and T cells, the production by these cells of cytokine type 
substances, the lysis of target cells such as deleterious autologous cells, malignant 
cells or cells infected by viruses, allogenic cells, but also the tolerance of the 
immune system faced with certain antigens. 



Any non- or dys-functioning of KARs can therefore lead to different 
diseases or undesired reactions, all associated with the functioning of the immune 
system, such as immuno-deficiency diseases, auto-immune diseases (e.g. multiple 
sclerosis), tumors, viral, bacterial, parasitic and allergies, graft rejections. For 
example, it has been shown that if a person only displays less than 10% of 
lymphocytes expressing KARs, nearly all the lymphocytes of patients suffering 
from LDGL (lymphoproliferative disease of the granular lymphocytes) express 
KARs. 

A purpose of the present invention is to provide means allowing the 
diagnosis of an abnormal or undesired functioning of activatory receptors for class 
I MHC molecules such as KARs and to control their functioning. 

Thus a subject of the invention is new polypeptides, called below KARAP 
(KAR- Associated Proteins), which are necessary for transducing a signal 
originating for a KAR, as well as the antibodies and nucleic acids obtained from 
said new polypeptides. A subject of the invention is also a process for obtaining 
said new polypeptides as well as their biological applications. 

By "KAR receptor", is meant, in the present invention, human receptors of 
immunoglobulin type which are non-inhibitory counterparts of KIR receptors, 
such as KAR p50 (KIRIIDS1 to KIRIIDS5), KIRIIIDS1 receptors, but also non- 
inhibitory receptors with a similar structure to these KAR receptors, and in 
particular human receptors of lectin type such as NKG2C, NKG2D (naturally 
expressed on NK and T cells), murine receptors of immunoglobulin type such as 
pir A (naturally expressed on myeloid cells, B cells), gp49A (naturally expressed 
on mastocytes), murine receptors of lectin type such as Ly49D, Ly49H (naturally 
expressed on NK and T cells). 

By KARAP polypeptide is therefore meant any isolated polypeptide (other 
than a KAR) in the absence of which said KAR receptor is naturally incapable of 
transducing a dtectable activatory signal. This does not exclude the fact that a 
determined KARAP polypeptide may not only be associated with a KAR receptor 
as defined above, but also with other activatory or non-inhibitory monomeric 
receptors with a structure close to that of KARs as defined above, and in particular 
with a human activatory receptor of immunoglobulin type of the LIR/MIR/ILT 
family such as ILT1. 

The term "polypeptide" includes, in the present Application, not only said 
polypeptide, but also the homologues of this polypeptide, as obtained by deletion, 
insertion, inversion or preservative substitution of amino acids, and the fragments 
of this polypeptide, as obtained by hydrolysis of said polypeptide using 
proteases, said homologues or fragments being capable of transducing a signal 
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originating a KAR. This term "polypeptide" covers, in the present Application, 
both polypeptides and proteins. 

A polypeptide according to the invention is necessary for transducing the 
signal received by a KAR receptor: therefore it is an isolated polypeptide which 
allows the restoration of a deficient KAR activation. In order to determine whether 
a given isolated polypeptide allows the restoration of a deficient KAR activation, a 
person skilled in the art can proceed by showing that a KAR receptor exists which, 
if it is expressed by an appropriate cell in the absence of this polypeptide, does not 
succeed in transducing a detectable activatory signal, or does not succeed in 
transducing an activatory signal which is satisfactory for the envisaged 
application. A version of this determination is presented in Example 3 below by 
comparison between the activation capacity (release of serotonin) of an RBL-2H3 
cell expressing the KAR p50.2 receptor only, and that of an RBL-2H3 cell which 
at one and the same time expresses the KAR p50.2 receptor and its KARAP 
15 polypeptide. Examples of appropriate cells are presented in Figure 5 below. 

By "restored deficient KAR activation KAR is meant that the 
transduction at the cell, of a significant activatory signal, by said KAR is possible, 
or, if appropriate, satisfactory. In particular, this can be tested using cellular 
stimulation by antibodies. 
20 In order to determine at the level of a cell whether a signal originating from 

a KAR is or is not transduced, and to determine whether such a signal is 
stimulated or inhibited, numerous means are at the disposal of a person skilled in 
the art. Exemples of such means include the stimulation of said KAR by a ligand 
and measurement of the cytokines secreted (cf for example, Cambiaggi et al 
25 1996, Blood 87:2369), of cell proliferation (cf for example Mandelboim et al. 
1996, Science 274:2097), of cytotoxicity (cf for example the redirected 
cytotoxicity test described below), of mobilization of intracytoplasmic calcium (cf. 
for example Blery et ai % 1997, J. Biol. Chem. 272, 8989-8996), and/or of the 
induction of phosphorylation (cf for example Vivier et al. 1991, J. Immunol. 
30 146:206). 

A polypeptide according to the invention is in addition characterized in that 
it is capable of associating with a KAR, and of not associating with the inhibitory 
counterpart of this KAR. 

Methods allowing determination of whether a polypeptide is capable of 
35 associating with a KAR, and of not associating with the inhibitory counterpart of 
this KAR (i.e. of not associating with a corresponding KIR receptor), are well 
known to a person skilled in the art. An example of such a method comprises in 
particular: 
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- expression of this polypeptide at a KAR + KIR cell on the one hand, and at 
a KAR KIR + cell, 

- immunoprecipitation of one or more polypeptide fract.on(s) from the 
lysate of these cells with at least anti-KAR and/or anti-KIR antibodies, 

- observation of the presence of said polypeptide in the fract.on(s) 
originating from the KAR + KIR cell, and the absence of this same polypeptide 
from the fraction or fractions originating from the KAR KIR + cell. Examples of 
anti-KIR and/or anti-KAR antibodies include anti-CD158, anti-p70/NKBl, anti- 
p!40 antibodies and more particularly the EB6, GL183 or PAX250 monoclonal 
antibodies. A method allowing the expression of such a polypeptide by a cell is 

indicated in Example 3 below. 

A KARAP polypeptide according to the invention can moreover be 

characterized in that it is obtained: 

i. by immunoprecipitation of one or more polypeptide fractions of lysates of 
cells expressing KAR receptors capable of transducing an activatory signal, with 
the help of one or more anti-KIR and/or anti-KAR antibodies such as an anti- 
CD158, anti-p70/NKBl or anti-pl40 antibody and more particularly the EB6, 
GL183 or PAX250 monoclonal antibody, 

ii. it being possible for each polypeptide fraction optionally to be exhausted 
beforehand by removal of the fractions immunoprecipitated with the help of anti- 
CD3<; and/or anti-FceRl7 antibodies, and/or to be reprecipitated with the help of 
one or more anti-KIR and/or anti-KAR antibodies such as an anti-CD158, anti- 
P 70/NKB1, anti-pl40 antibody and more particularly the EB6, GL183 or PAX250 

monoclonal antibody, . 

iii by resolution of the polypeptides of said polypeptide fraction(s) 
according to their molecular weight, and recovery of the polypeptides 
corresponding to a molecular weight of about 12 ± 2 kDa, or 

by resolution of the polypeptides of said polypeptide fraction(s) according 
to their molecular weight having subjected said polypeptide fraction(s) to a kinase 
test and recovery of the phosphorylated polypeptides corresponding to a 
molecular weight of about 12, 14 and/or 16 ± 2 kDa. The kinase test can be earned 
out as described below in the examples (cf. material and methods of Example 1 
below). 

Said cells expressing KAR receptors capable of transducing an activatory 
signal can be in particular NK cells and/or T cells and/or myeloid cells and/or B 
cells and/or mastocytes. Means for determining whether a KAR is capable or not 
of transducing a signal to the cell have been indicated above. 

A KARAP polypeptide according to the present invention is, in addition, 
characterized in that its amino acid sequence: 
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- has at least one phosphorylatable tyrosine amino acid, 

- has a molecular weight comprised between about 10 + 2 and 16 + 2 kDa 
(in particular, real molecular weight of 10 + 2 kDa, apparent molecular weight on 
poly aery lamide gel under denaturing conditions of 12 + 2 to 16 + 2kDa according 
to the degree of phosphorylation). 

In addition it is characterized in that its amino acid sequence comprises at 
least one ITAM YxxL/Ix 6 8 YxxL/I unit in the intracytoplasmic region. 

According to one aspect of the invention, the amino acid sequence of a 
KARAP polypeptide comprises an extracytoplasmic region, a transmembrane 
region, and/or a entracytoplasmic region. In a characteristic manner, this 
intracytoplasmic region is in the majority relative to the other regions of the 
sequence of this polypeptide. Means for identifying the extracytoplasmic, 
transmembrane, intracytoplasmic regions are known to a person skilled in the art 
(for example, hydropathicity algorithms, formation of inverse vesicles), 
is According to another aspect of the invention, the amino acid sequence of a 

KARAP polypeptide contains at least one extracytoplasmic cysteine amino acid. 

According to yet another aspect of the invention, the amino acid sequence 
of a KARAP polypeptide contains at least one transmembrane charged amino acid 
(R, K, D, E). 

20 The polypeptides according to the invention can be phosphorylated at the 

level of at least one tyrosine residue, or be non phosphorylated. 

In one embodiment of the invention, said polypeptides are presented in the 
form of dimers linked by a disulphide bridge; they associate in a selective and non 
covalent manner with KARs which function, either as autonomous receptors for 

25 class I MHC molecules, or as co-receptors of TCR or of an RFc such as CD16. 

According to an advantageous aspect of the invention, a KARAP 
polypeptide is capable of binding to a molecule having an SH2 domain such as 
ZAP-70, p72 sv *, p56 /c *, p59^\ p60 /v '\ Grb-2, pp36-38 (lat), PLC-al, p85 (PI-3 
kinase), She, or to a molecule having a PTB domain {PhosphoTyrosine Binding) 

30 such as She. Such a binding can be observed by incubation of polypeptides 
according to the invention with molecules having an SH2 or PTB domain and 
measurement of the plasmon resonance (Olcese et ai 1996, The Journal of 
Immunology 156:4531-4534). 

A particular KARAP polypeptide according to the invention has an amino 

35 acid sequence essentially constituted by SEQ ID n°2. The present invention also 
relates to polypeptides the sequence of which is essentially constituted by the 
extracytoplasmic part of SEQ ID n°2, namely SEQ ID n°3, or by the 
transmembrane part of SEQ ID n°2, namely SEQ ID n°4, or the intracytoplasmic 
part of SEQ ID n°2, namely SEQ ID n°5. Other particular KARAP polypeptides 
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according to the invention have an amino acid sequence essentially constituted by 
SEQ ID n°ll, n°12, n°13, n°14, n°15, n°17 (consensus sequence of the KARAP 
protein of mouse C57B1/6), or n°28 (protein sequence of the KARAP of mouse 
129 obtained from the genomic sequence). 

Such polypeptides can also be obtained, after sequencing, by chemical 
synthesis or using recombinant DNA techniques. 

Said KARAP polypeptides are necessary for transducing signals originating 
from activatory receptors, the KARs, which have neither intracytoplasmic ITIM 
nor IT AM but which have a transmembrane amino acid residue. 

According to an advantageous provision, the polypeptides according to the 
invention are modified by glycosylation, phosphorylation, sulphonation, 
biotinylation, acylation, esterification, or by addition, substitution or suppression 
of entities having a molecular shape similar to that of phosphate groups, such as 
phosphonate, by the addition of tracer reagents such as luciferase, GFP {Green 
Fluorescence Protein) or analogues thereof, by the addition of purification targets 
such as an affinity ligand, or by the addition of entities modifying its solubility. 
Modifications of particular benefit include those which modify said polypeptide 
so as to block or inhibit its capacity to transduce the signal received (negative 
transdominant strategy). A polypeptide according to the invention, in a form 
modified in this way, is used in particular in any composition or method intended 
to modulate in a negative manner (inhibit) a given immune response, in particular 
an undesired or abnormal immune response (for example, autoimmune diseases, 
allergies graft rejection). Thus appropriate modifications include those which 
render the phosphorylation on tyrosine of said polypeptide non hydrolysable under 
biological conditions (for example, by the addition of phosphonate groups). They 
also include those which render non functional an amino acid residue which is 
critical to the functioning of a polypeptide according to the invention: for 
example, by substitution or mutation of a tyrosine residue (Y), in particular a 
tyrosine residue contained in an IT AM unit, into a phenylalanine residue (F), 
which hinders the binding of said polypeptide thus modified to a protein having an 

SH2 or PTB domain. 

According to another advantageous provision, the polypeptides ot the 
invention, their fragments, homologues, or modified forms are capable of crossing 
a cell membrane, i.e. double lipidic layer. 

The present invention also relates to antibodies, in particular monoclonal 
antibodies, and the fragments of such antibodies, in particular the Fc, Fv, Fab. 
F(ab)\ CDR fragments, as obtained by immunogenesis from a KARAP 
polypeptide according to the invention, or as obtained from a fragment, 
homologue or modified form of such a polypeptide. 
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In particular a subject of the invention is fragments of such antibodies, in 
particular an Fc, Fv, Fab, F(ab)\, CDR fragment, as obtained by immunogenesis 
from a polypeptide the sequence of which is essentially constituted by the 
extracytoplasmic, intracytoplasmic, or transmembrane part of such a KARAP 
5 polypeptide according to the invention. In particular it relates to antibodies 
capable of recognising, according to an antigen-antibody type reaction, SEQ ID 
n°2, SEQ ID n°3, SEQ ID n°4, SEQ ID n°5, SEQ ID n°ll, SEQ ID n°12, SEQ ID 
n°13, SEQ ID n°14, SEQ ID n°15, SEQ ID n°17 and/or SEQ ID n°28, as well as 
their fragments. 

10 Such antibodies are obtained by the immunization of animals, such as 

rabbits and mice, against polypeptides, fragments, homologues or forms modified 
according to the invention as essentially obtained by elution of electrophoretic 
bands, by chemical synthesis or by a soluble fusion protein technique (GST), said 
polypeptides, fragments, homologues or modified forms being optionally coupled 

is to immunogens such as ovalbumin. 

Monoclonal antibodies are then produced by hybridomal fusion of lienal 
immune cells, screening and purification of the culture supernatants (Kohler and 
Milstein, 1975, Nature 256, 495-497; Antibodies, a laboratory manual, 1988, 
Harlow and David Lane, Ed. Cold Spring Harbor laboratory). 

20 From these antibodies, diantibodies can be generated according to standard 

procedures. Said fragments can, if necessary, be inserted in or grafted to 
humanizing structures. 

The present invention also relates to the nucleic acids containing a sequence 
corresponding to the open reading frame, according to the universal genetic code, 

25 and taking into account the degeneration of said code, the amino acid sequence of 
a polypeptide, fragment, or homologue according to the invention, as well as the 
variants which have a homology greater than or equal to 60% with such nucleic 
acids, and which are capable of coding for a molecule transducing an activatory 
signal originating from a KAR as defined above. In particular it relates to any 

30 nucleic acid the DNA sequence of which is essentially constituted by SEQ ID n°l 
(cDNA of the mature KARAP protein of sequence SEQ ID n°2), n°6, n°7, n°8, 
n°9, n°10, n°16 (consensus cDNA sequence of KARAP of mouse C57B1/6), n°27 
(cDNA sequence of KARAP of mouse 129 obtained from the genomic sequence), 
n°18 (genomic sequence of KARAP of mouse 129), or n°31 (cDNA sequence of 

35 human KARAP), or by any part corresponding to the extra-, intra-cytoplasmic 
and/or transmembrane regions of these sequences, or by any part corresponding 
to an exon or an intron of these sequences. 

The present invention also relates to a process for obtaining a polypeptide 
according to the invention comprising the following stages: 



i. immunoprecipitation of one or more polypeptide fraction(s) of lysates of 
cells expressing functional KAR receptors (for example NK cells and/or T cells 
and/or myeloid cells and/or B cells and/or mastocytes) using one or more anti-KIR 
and/or anti-KAR antibodies, such as an anti-CD158, anti-p70/NKBl, anti-pl40 
antibody, and more particularly the monoclonal EB6, GL183 or PAX250 
antibodies, 

ii. it being possible for each polypeptide fraction optionally to be exhausted 
beforehand by removal of the fractions immunoprecipitated with the help of anti- 
CD3 and/or anti-FceRIy antibodies, and/or to be reprecipitated with the help of 
one or more anti-KIR and/or anti-KAR antibodies such as an anti-CD158, anti- 
p70/NKBl, anti-pl40 antibody and more particularly the EB6, GL183 or PAX250 
monoclonal antibody, 

iii. separation of the polypeptides from said polypeptide fraction(s) 
according to their molecular weight and recovery of the polypeptides 
corresponding to a molecular weight of approximately 12 ± 2 kDa, or 

separation of the polypeptides of said polypeptide fraction(s) according 
to their molecular weight having subjected said polypeptide fraction(s) to a kinase 
test, and recovery of the phosphorylated polypeptides corresponding to a 
molecular weight of approximately 12, 14 and/or 16 ± 2 kDa. 

A subject of the present Application is also a method for obtaining the 
sequence of particular KARAP polypeptides according to the invention. This 
method, a version of which is described in Example 2 below (bio-informatics 
strategies), includes in particular the screening of those of the polypeptide 
sequences which correspond to the following criteria: 

- the sequence has at least one phosphorylable tyrosine amino acid, 

- the sequence has a molecular weight between approximately 5 and 25 

kDa, 

- the sequence comprises an extracytoplasmic region, a transmembrane 
region, and an intracytoplasmic region, 

- the sequence has at least one cysteine amino acid in its extracytoplasmic 
region, 

- the sequence includes at least one charged amino acid (R, K, D, E) in its 
transmembrane region, and 

- the sequence includes at least one ITAM YxxL/Ix 6 8 YxxL/I unit in its 
intracytoplasmic region, 

- the polypeptide corresponding to the selected sequence must be capable of 
associating with a KAR, and not associating with the corresponding inhibitory 
counterpart receptor (KIR), as defined above. 
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A subject of the present Application is also a method for determining or 
checking whether a candidate polypeptide corresponds to a KARAP polypeptide 
according to the invention. An embodiment of such a method is given in Example 
2 below. Such a method consists of producing an antibody against a characteristic 
part of this candidate polypeptide (for example an intracytoplasmic region 
comprising at least one ITAM unit or an extracytoplasmic region), and to check 
that a KAR receptor exists which, when it is expressed functionally on a cell, is 
combined with a recognized element, according to a reaction of antigen-antibody 

type, by said antibody. 

This method, according to the invention, of identifying KARAP 

polypeptides thus consists in particular of: 

- producing a mono- or polyclonal antibody directed against this candidate 
polypeptide, and in particular against an extracytoplasmic region of this candidate 
polypeptide and/or a region which comprises at least one ITAM unit (for example, 
in the case of the mouse KARAP protein SEQ ID no. 2 identified above, an 
antibody directed against a region of the extracytoplasmic part (SEQ ID no. 3) or 
of the intracytoplasmic part (SEQ ID no. 5) of SEQ ID no. 2), 

- brining this antibody into contact with a lysate of cells, possessing, in a 
functional form, the activatory or non-inhibitory receptor for which the candidate 
polypeptide is supposed to continue the KARAP, under mild conditions allowing 
binding reactions of antigen-antibody type, 

- identifying the candidate polypeptide as being a KARAP polypeptide 
according to the invention when, in any reaction products formed, there are a 
product having an apparent molecular weight close to that of said activatory or 
non-inhibitory receptor (approximately 50 kDa for the KAR p50) and a product 
having an apparent molecular weight close to that of the candidate polypeptide (in 
particular between approximately 10 and 16 kDa). 

This identification method according to the invention can in particular be 

carried out: 

- by bringing said antibody into contact as described above, 

- precipitating any reaction products formed under mild detergent 
conditions maintaining the molecular complexes (for example 1% digitonin, see 
Example 1 above), 

- measuring the molecular weight of the precipitated products, for example 
by clectrophoretic migration in the presence of the markers of molecular weight 
on a polyacrylamidc gel under denaturing conditions, and 

- identifying the candidate polypeptide as being a KARAP polypeptide 
according to the invention as described above. 
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The present invention also relates to a pharmaceutical composition 
comprising, in conjunction with a pharmaceutical^ acceptable vehicle, an 
effective quantity of at least one polypeptide, KARAP, fragment, homologue or 
form modified according to the invention, at least one antibody or fragment of 
antibody according to the invention, or at least one nucleic acid or nucleic acid 
variant according to the invention. 

The pharmaceutical composition according to the invention can be 
formulated in solid or liquid form or in the form of a suspension, for oral, 
parenteral, topical, intravaginal, intrarectal administration or for oral and/or nasal 
inhalation. 

Said pharmaceutical composition according to the invention is intended to 
modulate the activity of a KAR. In order to stimulate the activity of a KAR, said 
pharmaceutical composition will comprise agents facilitating the transduction of 
the signal originating from said KAR, such as, for example, polypeptides, 
fragments, homologues, or nucleic acids, variants according to the invention 
capable of crossing a double lipidic layer. In order to inhibit the activity of a 
KAR, said pharmaceutical composition will comprise agents blocking the 
transduction of the signals originating from said KAR such as, for example, 
fragments of antibodies according to the invention capable of crossing a double 
lipidic layer in order to block the cellular KARAPs, or modified polypeptides, 
according to the invention, phosphorylated or not, for example by phosphorylation 
not hydrolysable under biological conditions, in order to block proteins with an 
SH2 (ZAP-70, p72 syk ) or PTB domain or any molecule which adapts or carries out 
the activation of said KAR. Such modifications include in particular the addition 
of phosphonate groups, and/or the mutation of at least one Tyrosine residue (Y) 
into a phenylalanine residue (F). 

The present Application therefore relates to a composition for the 
prevention, the reduction, and/or the treatment of an abnormal or undesired 
functions of a cell involved in an immune reaction. Such a composition 
advantageously includes polypeptides, or, if appropriate, modified polypeptides 
according to the invention. 

In order to determine at the level of a cell whether a signal originating from 
a KAR is or is not transduced, and to determine whether such a signal is 
stimulated or inhibited, numerous means are at the disposal of a person skilled in 
the art. Examples of such means have been indicated above. 

The use of said polypeptides, antibodies and nucleic acids as diagnostic 
agents, also falls within the scope of the present invention (diagnostic methods, 
and diagnostic kits permitting their implementation). 
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The present invention also relates to a method of in vitro diagnosis of 
abnormal or undesired functioning of a cell, comprising the following stages: 

- bringing at least one cell, or cell extract, into contact with an antibody 
according to the invention, or a fragment of such antibody, or with a nucleic acid 

5 according to the invention or a variant of such nucleic acid, and 

- revealing any reaction product formed. 

The stage of bringing into contact is carried out under conditions in 
particular of duration, temperature, buffer, where appropriate gel crosslinking, 
allowing the establishment of a reaction of antigen-antibody type for example by 

10 ELISA (Enzyme Linked Immunoabsorbent Assay), or where appropriate, of a 
reaction of nucleic acids hybridization and PCR type (polymerase chain reaction). 

For the revelation of any reaction product formed, tracers can be used such 
as fluorescent, enzymatic, radioactive or luminescent tracers. 

Said in vitro diagnostic method according to the invention allows the 

is diagnosis of abnormal or undesired cellular functioning which can manifest 
themselves as an immunoproliferative disease, an immunodeficiency disease such 
as an HIV disease, a cancer such as lymphoproliferative disease of the granular 
lymphocytes, an auto-immune disease such as rheumatoid arthritis, an infectious 
disease such as malaria, an allergic response, a transplant rejection. 

20 The present invention also relates to a method for identifying molecules 

which adapt or carry out the activation of a KAR, and to a method for identifying 
molecules capable of modulating a cell activity resulting from the activation of a 
KAR. 

Said method for identifying molecules which adapt or carry out the 
25 activation of a KAR according to the invention comprises the following stages: 

i. bringing the candidate molecules into contact with the polypeptides 
according to the invention (or with fragments or homologues of such 
polypeptides), and 

ii. selecting those candidate molecules for which a binding with said 
30 polypeptides (or with said fragments of polypeptides) is observed. 

The candidate molecules likely to be molecules which adapt or carry out the 
activation of a KAR can be for example chosen from the molecules with an SH2 
or PTB domain. These can be in soluble recombinant form. 

The stage of bringing into contact can be. for example, carried out by 
35 coupling the candidate molecules, obtained in soluble recombinant form, likely to 
be molecules which adapt or carry out the activation of a KAR. to balls allowing 
the measurement of radioactivity such as balls of scintillating liquid, and by 
passing polypeptides according to the invention (or fragments or homologues of 
such polypeptides) in tritiated form over said balls. Those candidate molecules for 
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which a binding to said polypeptides, fragments, or homologues is observed by 
measuring the radioactivity (cpm) are then selected. 

The stage of bringing into contact can also be carried out by immobilization 
of polypeptides according to the invention (or fragments or homologues of such 

s polypeptides) on microsupports allowing the measurement of the plasmon 
resonance such as BIAcore microsupports (Pharmacia) (cf. for example Olccse et 
al.. 1996, The Journal of Immunology 156:4531-4534; Vely et al.. Immunology 
Letters 1996, vol. 54, pl45-150), or by immobilization of phosphorylated and 
biotinylated polypeptides according to the invention on streptavidine balls (Vely 

,o et al. Eur. J. Immunol. 1997, 27: 1994-2000; Le Drean et al. Eur. J. Immunol. 
1998, 28: 264-276), and by passing, over said microsupports, candidate molecules 
likely to be molecules which adapt or carry out the activation of a KAR. Those 
candidate molecules for which a binding to said polypeptides, fragments, or 
homologues is observed by measuring the plasmon resonance (Resonance Unit) 

is are then selected. 

This method of identifying the molecules which adapt or carry out the 
activation of a KAR, whatever its implementation method, can also be used as a 
reference for the implementation of the method for identifying molecules capable 
of modulating a cell activity resulting from the activation of a KAR according to 

20 the invention. 

This method of identifying molecules capable of modulating a cell activity 
resulting from the activation of a KAR, according to the invention, comprises the 
following stages: 

i. bringing the candidate molecules into contact with molecules which 
adapt or carry out the activation of a KAR as obtained by the method according to 
the invention described above and with polypeptides according to the invention 
(or with fragments or homologues of such polypeptides), and 

ii. selection of those candidate molecules which have an effect on the 
binding between said polypeptides (or said fragments or homologues of 
polypeptides) and said molecules which adapt or carry out the activation, as 
observed in the absence of said candidate molecules. 

The candidate molecules likely to modulate a cell activity resulting from a 
KAR can be chosen from banks of natural or synthetic compounds, in particular 
from chemical or combinatory banks. Said candidate molecules can be of protein 
nature (for example, derivatives or fragments of anti-idiotypc antibodies such as 
the antibodies according to the invention, derivatives or fragments of catalytic 
antibodies), of carbonated, lipidic or nucleic nature. 

The bringing-into-contact stage of the method for identifying molecules 
capable of modulating a cell activity resulting from the activation of a KAR. 
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according to the invention, can be, for example, carried out by incubation of said 
candidate molecules with polypeptides according to the invention (or with 
fragments or homologues of such polypeptides) and with molecules which adapt 
or carry out the activation of a KAR, as obtained by the method according to the 
invention, under conditions allowing measurement of the degree of binding 
between said polypeptides and said molecules which adapt or carry out the 
activation of a KAR, for example, based on a chemical property of said molecules 
which adapt or carry out the activation in a non-bound state, such as an enzymatic 
property, phosphorylation or self-phosphorylation property. 

The bringing-into-contact stage of the method for identifying molecules 
capable of modulating a cell activity resulting from the activation of a KAR, 
according to the invention, can also be carried out by implementing techniques of 
the scintillating liquid balls type and tritiated polypeptides or polypeptides of 
microsupport type and measurement of the plasmon resonance, as described 
above, by measuring the radioactivity or, respectively, the plasmon resonance, 
resulting from the binding between said polypeptides and said molecules which 
adapt or carry out the activation, in the absence and in the presence of candidate 
molecules. Those candidate molecules which either increase or decrease in a 
statistically significant manner the control degree of binding measured between 
said polypeptides and said molecules which adapt or carry out the activation in the 
absence of said candidate molecules are then selected. 

The molecules capable of modulating the activation of a KAR, as identified 
by the method according to the invention, can be modified chemically in order to 
render them non-hydrolysable under biological conditions, and/or so that they can 
cross a double lipidic cell layer. 

The molecules capable of modulating the activation of a KAR, according to 
the invention, advantageously act by modifying the interaction between said 
KARAPs and their cellular effectors or adaptors. 

Said molecules capable of modulating a cell activity resulting from the 
activation of a KAR, according to the present invention, can then be applied to a 
cell cultivated in vitro, such as a lymphocyte cell, of which the KAR activity has 
been stimulated, for example, by bringing it into contact with a ligand. This 
application is achieved by penetration inside said cell, for example, by 
electroporation or by chemical modification allowing a double lipidic layer to be 
crossed. 

The present invention is illustrated by the following examples which should 
be in no event be considered as limitative. 

Reference is made to the 23 following figures: 
- Figure! shows- , 4 - ■ '. 



in A, an analysis by flow cytometer (FACScan, registered trade mark of 
Becton-Dickinson) in indirect immunofluorescence of cells cultivated on IL-2 
(interleukin 2) and from patients suffering from LDGL (lymphoproliferative 
disease of the granular lymphocytes) designated R.P., D.F. and MAL., and 

in B, the results of a re-directed cytotoxicity test with different monoclonal 
antibodies, carried out on NK cells cultivated on IL-2 from different donors: 

- Figure 2 show*: *•* - ^ : 

in A, an SDS-PAGE analysis (resolution of proteins by electrophoresis on 
gel and sodium dodecyl sulphate) carried out from NK cells of donor R.P. (p50.1 + ) 
radiomarked with 125 I and immunoprecipitated using the monoclonal anti-CD158 
EB6 antibody, before and after exhaustion of FceRIy and of CD3£ using anti- 
CD3t, / anti-FceRIy antibodies, 

in B, an SDS-PAGE analysis with an anti-CD3<; antibodies probe of full 
lysates of D.F. cells or of immunoprecipitates of such lysates; 

- Figure 5 -shows-: ,",r -re -. 3 i c s.n.-^ : 

in A, SDS-PAGE analysis of the phosphorylated proteins originating from 
in vitro kinase tests to which immunoprecipitates of lysates of NK MAL. cells 
have been subjected, 

in B, the same type of SDS-PAGE analysis as in Figure 3A but carried out 

from RBL-2H3 p50.2 + cells, 

in C, an analysis by thin-layer electrophoresis (TLE) of the phosphorylated 
amino acids of the KARAPs and CD3^ bands excised after in vitro kinase tests 
carried out on anti-CD158 and anti-CD16 immunoprecipitates, respectively, of 
NK R.P. cells, 

- Figure 4 shows a 2-dimensional SDS-PAGE analysis under non- 
denaturing/denaturing conditions of anti-CD158 immunoprecipitates of lysates of 
cells NK R.P. having undergone a kinase test, and 

- Figure 5 shows the activatory or non-inhibitory receptors of the 
immunoglobulins superfamily (IgSF) or of lectin type, and their inhibitory 
counterparts, 

- Figure 6 shows the schematic structure of KIR (p58) and KAR (p50) 
receptors, 

- Figure 7 shows the cDNA sequence of a mouse KARAP polypeptide 
according to the invention (SEQ ID no. 1), 

- Figure 8 shows the nucleotide Sequence (comprised between the excluded 
leader sequence and the stop codon) and the amino acids sequence of a KARAP 
polypeptide according to the invention (mature protein, SEQ ID no. 2). and 

- Figure 9 shows the alignment of the ITAMs and of the ITAM of a KARAP 
polypeptide according to the invention. 



16 



- Figures 10A, 11 A, 12A, 13A and 14A respectively illustrate the cDNA 
sequences of the EST's AA242315, AA734769, W88159, AA098506 and W41 142 
(SEQ ID no. 6 to SEQ ID no. 10), 

- Figures lOB.^lB, 12B, 13B and 14B respectively illustrate the protein 
sequences of the EST's "AA2423 15, AA734769, W88159, AA098506 and W41142 
(SEQ ID no. 11 to SEQ ID no. 15), 

- Figure 15 shows the alignment of the cDNA sequences of the EST's 
AA242315, AA734769, W88159, AA098506 and W41142, and the resulting 
consensus sequence (SEQ ID no. 16; KARAP consensus cDNA of mouse 
C57B1/6), 

- Figure 16 represents the alignment of the protein sequences of the EST's 
AA242315, AA734769, W88159, AA098506 and W41142, and the resulting 
consensus sequence (SEQ ID no. 17; KARAP consensus protein of mouse 
C57B1/6), 

- Figure 17 shows the sequence of the KARAP gene of a mouse of line 129 
(SEQ ID no. 18; 2838 pb), 

- Figure 18 shows the genomic organization of the KARAP of a mouse of 

line 129, 

- Figure 19 shows the cDNA sequence of the KARAP of a mouse of line 
129 (SEQ ID no. 27) and the corresponding protein sequence (SEQ ID no. 28), 

- Figure 20 represents from top to bottom the genomic organization of the 
KARAP gene of a mouse of line 129, the corresponding protein sequence, and the 
nature of the differents regions of this protein, 

- Figure 21 shows the cDNA of the human KARAP (SEQ ID no. 31), 

- Figure 22 shows the percentage of serotonin salted out in the supernatant 
by the doubly transfected p50/human KARAP RBL-2H3 cells, and stimulated by 
the antibody indicated on the abscissa (on the left: no antibodies; in the centre: 
mouse IgE: mlgE 1/500; on the right: GL183 5ug/ml), 

- Figure 23 illustrates the homology between the organization of the human 
KARAP gene and that of the murine KARAP gene. 

EXAMPLE 1 : 

1. Materials and methods 

Monoclonal antibodies (mAbs) and reagents 



The following monoclonal antibodies were used: 
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- anti-CD3, anti-CD16 and anti-CD56 antibodies of isotype IgGl, such as 
JT3A (Coulter Immunotech reference 0178), KD1 (Coulter Immunotech reference 
0813) and TA181.H12 (Coulter Immunotech reference 1844), respectively, 

- anti-CD3£ antibodies such as TIA-2 (Coulter Immunotech 66045P2), 

5 - anti-CD158 antibodies, namely anti-p58.1 antibodies such as EB6 (Coulter 

Immunotech reference 1847), anti-p58.2 antibodies such as GL183 (Coulter 
Immunotech reference 1846) and anti-p50.3 antibodies such as PAX250 described 
in Bottino et al. {Eur. J. Immunol., 1996, 26, 1816), 

- an anti-FceRlY rabbit antiserum such as antiserum 666 described in Jouvin 
10 M.H. et al., 1994, J. Biol. Chem., 269, 5918-5925, 

- an anti-FceRIct rabbit antiserum such as antiserum BC4 described in 
Bociano L.K. etal., 1986, J. Biol. Biochem., 261, 11823-11831, 

- an anti-mouse goat antiserum conjugated with horseradish peroxidase 
^ (Sigma A-2304) and an anti-rabbit goat antiserum conjugated with horseradish 

15 peroxidase (Sigma A-0545), 

- an anti-mouse goat immunoglobulin conjugated with fluorescein 
isothiocyanate (Coulter Immunotech 0819 F(ab') 2 ) and 

- GL183-phycoerythrin (GL183-PE) monoclonal antibodies (Coulter 
Immunotech 2278), EB6-phycoerythrin (EB6-PE) monoclonal antibodies (Coulter 

20 Immunotech 2277) and an anti-mouse-phycoerythrin (anti-mouse-PE) goat 
immunoglobulin (Coulter Immunotech 0855 F(ab') 2 ). 

The lysis buffer contained Tris-HCl 25 mM pH 7.5; NaCl 150 mM; 
digitonin 1%; sodium orthovanadate 100 |uM; NaF 10 mM; aprotinin 2 ug/ml; 
leupeptin 2 p-g/ml; all these products were purchased from Sigma (St Louis, MO, 

25 USA). 

^ The kinase buffer contained Hepes 20 mM pH 7.2; NaCl 100 mM; MnCl 2 5 

^ mM; MgCl 2 5 mM; 32 y ATP 10 p.Ci = 370 kBq (Amersham, Buckinghamshire, 
UK). 

The thin layer electrophoresis (TLE) buffer contained 10% glacial acetic 
30 acid and 1% pyridine in water; pH 3.5. 

Cells 

Human NK cells from LDGL patients, or LDGL cells 

35 

The human NK cells were obtained from patients suffering from 
lymphoproliferative disease of granular lymphocytes (LDGL) of the CD56 + . 
CD16 + , CD3 + NK cell line. Peripheral blood lymphocytes (PBL) were isolated 
from blood samples of patients suffering from LDGL by Ficoll/Hypaque gradient 
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centrifugation. These LDGL cells were then cultivated at 37°C at a concentration 
of 10 6 cells per ml on RPMI-1640 medium containing 10 \xg/m\ of penicillin- 
streptomycin and 10% of foetal calf serum, in the presence of allogenic irradiated 
nurse cells and 100 U/ml of rlL-2. 

Pre paration of RTIlB.p50.2 + Jransjgcied^ejls 

Transfectants of RBL-2H3 cells (American Type Culture Collection) 
expressing P 50.2 KARs (RTIIB.p50.2 + cells) were prepared as described in Blery 
et al 1997, J. Biol. Chem., 272, 8989-8996. Figure 6 schematically shows the 
structure of p58 KIRs (immunoglobulin-type inhibitory human receptors) and p50 
KARs (non-inhibitory counterpart of p58 KIRs). 

In brief, the RTIIB cells used are the cells conventionally described as being 
RBL-2H3 cell's transfected so as to express the murine Fc T RIIb2 receptor and the 
CD25/CD3 chimeric molecule comprising the complete ectomembrane and 
transmembrane domains of human CD25 bound to the complete intracytoplasmic 

domain of murine CD3. 

These RTIIB cells were also transfected, by electroporation, with 183.ActZ 
cDNA (coding for p50.283) carried on expression vector RSV-5gpt. 

Stable RTIIB.p50.2 + transfected cells were established by culture in the 
presence of xanthine (250 jig/1), hypoxanthine (13.6 M g/1) and mycophenolic acid 
(2 ng/1). 

Cytolytic test 

The cytolytic activity of LDGL cells cultivated on IL-2 was measured 
relative to the P815 murine cell line (American Type Culture Collection) in the 
absence or presence of anti-CD16, anti-CD158 and anti-CD56 mAbs. 

In brief 5 x 10 3 target cells labelled with 51 Cr were added to serial dilutions 
of effector cells in the presence of 50 ul of hybridoma supernatant monoclonal 
antibody at the start of the standard sl Cr release test lasting 4 hours (Vivicr E. et 
al.. 1991, J. Immunol., 146, 206). 



Radioiodination 

35 



The cells (10 - 50 x 10 6 ) were fixed with 0.5% formaldehyde in PBS 
(sodium phosphate buffer) and then permeabilizcd for 5 minutes with digitonin at 
a concentration of 30 M g/ml in PBS, prior to iodination catalyzed by 
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lactoperoxidase (* 25 I. NEN-Dupont, Wilmington, DE. USA), as described by 
Anderson P. et ai, 1989,7. Immunol., 143, 1899. 

The cells were lyzed for 30 minutes at 4°C in a digiton.n lysis buffer. The 
prepurified postnuclear supernatants were then immunoprecipitated with specific 
antibodies covering S4B-Sepharose beads (Pharmacia, Piscataway, NJ, USA) 
(Vivier E et ai, 1991, J. Immunol., 146, 206). The immunoprecipitates were 
analyzed by SDS-PAGE (protein resolution by electrophoresis on gel and sod.um 
dodecylsulfate) and autoradiography. 



In vitro kinase test 



The cells (10 x 10 6 per sample) were lyzed in 1 ml of lysis buffer (cf. 
reagents) The prepurified postnuclear supernatants were immunoprecipitated for 
2 to 3 hours using monoclonal antibodies covalently bonded to a Sepharose 4B 
activated by CnBr (Pharmacia). The immune complexes were washed three times 
in lysis buffer; 40 jil of kinase buffer (cf. reagents) were then added to the 
immunoprecipitates over 10 minutes at 37°C. The kinase reaction was stopped by 
the addition of SDS-sample reducing buffer. The samples were brought to the boil 
prior to analysis by SDS-PAGE and autoradiography. In some experiments, the 
samples were analyzed by two-dimensional non-denaturing/denatunng diagonal 
SDS-PAGE. 

Anal ysis of the phos phorylation of the K ARAPs 

After the in vitro kinase test and the separation by SDS-PAGE, the 
phosphorylated proteins were cut out of the dried gels and eluted using a 
Centrilutor (Amicon) or a 0.1% solution of SDS (sodium dodecylsulfate) in PBS 
(sodium phosphate buffer). The eluted proteins were P™P'*«* «j ' 20 ^ 
trichloroacetic acid at 4°C for 2 hours, prior to incubation in 200 M l of 5.7 M HU 
at 110°C for 90 minutes. The individual amino acids were then dried and 
resuspended in 5 p.1 of TLE buffer (cf. reagents) containing 5 jig each of 
unlabelled phosphotyrosine, phosphothreonine and phosphoserine (Sigma) as 
standard references. The samples were deposited on plates of cellulose (100 p.m 
DC cellulose) and caused to migrate at 1500 V for 45 minutes aUCona 
Multiphor II (Pharmacia). Standard references were developed with 1% ninhydr.n 
in acetone and the "P-labelled amino acids were identified by autoradiography. 
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A nalysis by immun otransfer 

The immunoprecipi.ates were resolved by SDS-PAGE. transferred to 
nilro eellulose filters and eompared with an,i-CD3^ or an.i-FceR., anttbody probes 
diluted in PBS solution eontaining 5% of skimmed dned mtlk. The 
immunotransfers were revealed using an ami-mouse or ami-rabbi, goa, an— 
conjugated with horseradish peroxidase (Sigma references A-23W and A-0545 
respectively) and the ECL detection system marketed by Amersham (RPN 2209). 



io 2. Results 



Surface phenotype 

The surface phenotype of the NK cells taken from LDGL patients and 
„ cul.iva.ed on IL-2 (interleukin-2) was analyzed by FACScan (screenmg of 
' fluorescenee-activa.ed cells) using ,he indirec. immunofluorescence 

The results of the study relating to three of these panents. hereafter called 
R P D F. and MAL., are reported below. 
" " Said results are illustrated in Figure 1A. which shows an induct 
20 immunofluorescenee FACScan analysis of R.P., D.F. or MAL. LDGL 
(lymphoproliferative disease of granular lymphocytes) cells cultivated on IL-2 
An anti mouse goat immunoglobulin conjugated with 

was used as the reagent in the second step. For each type of LDGL ^ceh O^P- 
LDGL cells for the analyses shown in the top horizontal band, D.F. LDGL cells 
for ?hose of the middle horizontal band, MAL. LDGL cells for those of the bottom 
horizontal band) and for each treatment undergone (control treatmen C for he 
graphs shown on the left or treatment with the indicated monoclonal an .body, ..c.. 
from left to right, anti-CD3, anti-CD16, anti-CD158 EB6, ant.-CD158 GL183 
anti-CD158 PAX250), the fluorescence intensities are plotted on the abscissa and 
30 the relative number of cells is plotted on the ordinate. 
It can be observed that: 

-theRP D.F. and MAL. NK cells are all CD3 + and CD16 ; 

- the R.R NK cells are pSO.l*, p50.2 + , P 50.3+: they are cognized by ^ the 
anti-CD158 monoclonal antibody EB6 and are not recognized by the ant.-CDlbS 

^ monoclonal antibodies GL183 and PAX250; 

- the D F NK cells are p50.1 + . P 50.2 + , P 50.3 + : they are recognized by the 
anti-CD158 monoclonal antibody GL183 and are not recognized by the anti- 
CD158 monoclonal antibodies EB6 and PAX250; and 
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. ,he MAL. NK cells arc pSO.1*. P 50.2*. P 50.3': thev arc recognizee lb, Mhc 
a „,i-CD158 monoclonal antibody PAX250 and are no, recognized by the .nt- 

cD,5 ~ iona, ;:rnrs« GL ri- LDGL ***** - r . 



The three pauema 3 u.— & oniihodies- 
lymphopro.iferation of NK cells which was recognized by ^™58 am^. 
anti pSS l KIR (EB6). anti- P 58.2 KIR (GL183) and a " "f ^ ^^^^^^ 
respectively. Three groups of NK cells could thus be defined. R.P. LDGL cells, 
D.F. LDGL cells and MAL. LDGL cells. 

Cytolytic test 

.4 c.;«o p«ic; as Fc/vR + target cells were carried 
Redirected cytotoxicity tests using P81b as tx7K wrgti 

* n th& R P nSO 1 + DF p50.2 + and MAL. p50.3 + NK cells. 
° U ' ll s ar'e mu ,ra.ed in Ftgure IB. which shows a redirected 

cytoJic ty . with differen, monoclonal antibodies: NK cells taker , rorr . the 
n^ated donors (R.P. pSO.l* on the .eft. D.F. P 50.2* in the centre or MAL^3 
on the right) and cultivated on ,L-2 we, used ^ e ^ 
parried out in the presence of: no antibody (white circles;, ami 
rr d y (black tlgles), ^Z^^^ft&Z 
MAL > Z^TV,^JZ^ fenfto target ce„s <E:T ratto: S:l 
^ ^1 \ l 0 5 1: 0.25:1) are plotted on the abscissa and the percentage of 
specific lysis (scale from 0 to 120%) is plotted on the ordmate. 

The redirected cytotoxicity tests indicate that, by contrast w,th what ts 
observl when "muring KIR,. *e addition of a„,,-CD158 antics to the NK 
cells considerably increases the cytolysis of the P815 cells (Ftgure IB). 
Ce " S 'as controls, the an,i-CD16 monoclonal antibodies increase ,h< , spon.aneou 
, • f ,Kp PR1S cells in a manner similar to the anti-CD158 monoclonal 
a^-CDSo —onal antibody matched to the tsotype has 

"° effe r C heseNK l!L therefore express KARs, the activatory isoform of KlRs^ on 
their surface wle results were'furthcr confirmed by PGR (polymerase cham 
reaction) analyses with KIR/KAR cDNA reverse transcrtp.ase. 

; ^^^^^^ 
identLfjcationofJheJCA^ 

The KARs expressed on the NK cells taken from LDGL patients were 
analyzed by internal radioiodina.ion followed by immunoprcc.p.tatton. 



The results are illus,ra,cd in Figure 2A. which shows an ' SDS-PAGE 
analysis on a 13% gel under denaturing conditions, carried ou, on NK cells (10 x 
0« celLLc, iron? the donor R.P. <p50.r> which have been radicle, ed ; 
i-l. immunoprecipi.ated with the an.i-CD158 monoclonal I antibody EB6 (lane a 
,hen purified with an,i-CD3i;/anti-FceRlY monoclonal anttbodtes ( lanes 2 to 7) and 
finaUy re-immunopreeipi.a,ed with the an,i-CD158 monoclonal antibody EB6 

<la " e The same profiles were obtained with the donors D.F. < P 50.2*) and MAL. 

(p50.3T (data not shown). antibodies 
It can be seen that the immunoprecipitates of ant,-CD158 antibodies 

prepared from lyzates of NK cells contain, in addition » *e KARs observed a. 
=50 kDa. a band of lower molecular weigh, migrating to about 12 ± 1 * Da _ 

It was shown that KIRs associate with the polypeptides CD3t, and FceRI , n 
human NK cells. Pre-exhaus.ion experiments using ami-CD3't and anti-FceR Y 
: anZdies eliminated the possibility that the band a. about 12 KDa associated with 
the KARs might be CD3i; or FceRlf (Figure 2A). ,,7+1 kDa was 

The group of proteins corresponding to this band at about 12 ± 1 kDa was 
given the name KAR\fs (KAR-associated proteins). 

These results were confirmed by immunotransfer experiments, which 
„ revealed the absence o, any reactive band in the presence of .n,i-CD3t . antibodies 
in the immunoprecipitates of anti-CDl 58 mAbs prepared rom NK y.ate. 

These results, obtained in the presence of anti-CD3i; ™^™-J* 
illustrated in Figure 2B. which shows an analysis of complete lyzates of Dwells 
o mmunopredpitates of such lyzates. by SDS-PAGE resolution on a 15* gel 
3 under denalng' conditions and incubation of the nitrocellulose fdters ^wuh a 
anti-CD3^ monoclonal antibody probe (marker arrow on the right The complete 
y tes of D.F. cel.. (CCD were deposited a, the rate of 5 x 10' cells/lane mini 
and the immunoprecipitates of such lyzates were deposited a, a rate of 5 * .10 
cells/lane in lanes 2 to 4. The immunoprecipi.a.ions were earned ou, on lyza es of 
,„ D F cells using the anti-FceRla monoclonal antibody BC4 ,n control lane 2 the 
an^CD.6 monoclonal antibody in lane 3 and the an,i-CD,58 monoclonal 

antib0 The G s L ame re^were obtained for the R.P. and MAL. cells with an,i-CD3 t 

M mAb ' The results obtained with anti-Fc e RI Y mAb (data no, shown) provided the 

same confirmation. 
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Analysis_j)^^ 
electrophoresis (T LE) 

In vitro kinase tests carried out on the immunoprecipitates of anti-CD158 
monoclonal antibodies revealed that the KARs associate with a predominant 
phosphoprotein of low molecular weight migrating to about 14 ± 1 kDa ,n the NK 

CC S " The results are illustrated in Figure 3A: lyzates prepared from MAL. NK 
cells were immunoprecipitated with the indicated antibody (anti-FceRIa m lane 1, 
anti-CD16 in lane 2, anti-CD158 in lane 3) prior to in vitro kinase tests. The 
phosphorylated proteins were separated by SDS-PAGE on a 15% gel under 
denaturing conditions. 

These results are consistent with the expected change of molecular weight 
for the phosphorylated form of the KARAP at 12 kDa, observed by internal 
iodination. Furthermore, the immunoprecipitates of anti-CD158 mAbs prepared 
from KAR + NK cells comprise two other phospho-KARAPs migrating to 16 ±1 
kDa and 12 ± 1 kDa respectively (indicated by an asterisk on either side of the 
KARAP arrow at 14 kDa in Figure 3A). 

Association of the KARs with a similar group of phosphorylated KARAPs 
was also observed with a panel of clones of KAR + NK cells and was absent from 
KIR + NK clones. It was seen that the relative intensity of the phospho-KARAPs at 
16 14 and 12 kDa can vary according to the origin of the NK cells. ^ ADAtJ 
Analysis of the phosphorylated amino acids revealed that the major KARAP 
at 14 kDa is principally phosphorylated on the tyrosine residues. 

The results are illustrated in Figure 3C: the bands of KARAPs (on the left) 
and CD3<; (on the right) were cut out after the in vitro kinase test and subjected to 
an analysis of the phosphorylated amino acids by thin layer electrophoresis In 
this experiment, the KARAP and CD3<; bands were isolated from 
immunoprecipitates of monoclonal antibodies, respectively ant,-CD158 and anti- 
CD16 monoclonal antibodies, prepared from lyzates of R.P. NK cells. 

Nevertheless, phosphorylation on the serine residues but not on the 
threonine residues can also be detected. As a control, analysis of the 
phosphorylated amino acids confirmed the phosphorylation of CD3^ on the 
tyrosine residue only. 

KAMPAMdJransd^^ 

By contrast with the P 58.2 KIRs, the expression of P 50.2 KAR in the 
transfectants of the RBL-2H3 non-lymphoid cell line docs not lead to 
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^constitution of the activatory function of the p50.2 KARs In facl the 
stimulation of transfectants of p50.2 + RBL-2H3 cells induced by ant.-CD158 
antibodies does not lead to any detectable mobilization of the intracytoplasmic 
Ca 2+ or to any detectable release of serotonin. 

Remarkably, in vitro kinase tests carried out on the immunoprecip states of 
anti-CD158 monoclonal antibodies prepared from transfectants of P 50.2 RBL- 
2H3 cells did not include any detectable KARAP. . 

The results are illustrated in Figure 3B: lyzates prepared from P 50.2 RBL- 
2H3 cells were immunoprecipitated with the indicated antibody (anti-CD3e in lane 
,o 1. anti-FceRIa in lane 2, anti-CD158 in lane 3) prior to in vitro kinase tests. The 
phosphory.ated proteins were separated by SDS-PAGE on a 15% gel under 

denaturing conditions. 

The lack of association of the KARs with the KAR APs in the transfectants 
of P 50.r RBL-2H3 cells was also confirmed by internal iodination (data not 

1 5 Sh ° Wn The KAR APs therefore associate selectively with the KARs and the absence 
of association of the KARs with the KARAPs is correlated with the inability of the 
KARs to transduce any detectable activatory signal. 

20 Wu- mtion of KARs with K A ^APsjdiagonaljgl) 

Finally, analysis of the immunoprecipitates of anti-CDl 58 monoclonal 
antibodies on a diagonal two-dimensional gel revealed that the phospho-KARAPs 
at about 16, 14 and 12 kDa decrease along the diagonal gel. 
25 The results are illustrated in Figure 4: immunoprecipitates (IPs) of anti- 

CD158 monoclonal antibodies prepared from lyzates of R.P. NK cells were 
subjected to an /„ vitro kinase test prior to analysis by SDS-PAGE on a two- 
dimensional 13% gel under non-denaturing (horizontal d,rect,on)/denatunng 

(vertical direction) conditions. 

These results thus indicate that the KARs are associated in the NK cells 
with a complex of KARAP dimers bonded by a disulfide linkage. 



3. Discussion 



35 



KARs, which are autonomous activatory receptors, especially for class I 
MHC molecules, or coreceptors for the TCR (T cell receptor) or the cFR 
(immunoglobulin constant fragment receptor), represent a new way of act.vatmg 
the NK and T cells. 
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The inventors have shown that KARs are in fact assembled in the NK cells 
in the form of a multimeric complex involving KARAPs associated to form 

dimers bonded by a disulfide linkage. ¥ , A „ A n u f n+i 

Although analysis by radioiodination revealed one KARAP at about 12 ±1 
5 kDa, analysis by the kinase test revealed three phospho-KARAPs at about 16, 14 

^ ^The correlation between the association of the KARs with the KARAPs and 
the activatory function of the KARs suggests that the KARAPs act as transducing 
subunits of the multimeric KAR complex. ^ ADAD c 

However, the absence of association of the KARs with the KARAPs, as 
observed for the transfectants of RBL-2H3 cells, does not prevent expression of 
the receptor on the cell surface, contrary to what was observed in the case of the 
multimeric activatory receptors for antigens or antibodies including polypeptides 
with an ITAM (immunoreceptor activatory moiety based on tyrosine residue(s)) 

Other activatory or at least non-inhibitory receptors of the immunoglobulin 
' superfamily possess striking similarities to the P 50 KARs (immunoglobulin-type 
human KARs): NKG2C/D lectin-type human KARs, pirA and g P 49A 
immunoglobulin-type murine KARs, Ly49D and Ly49H lectin-type murine 
KARs, but also human activatory receptors of the LIR/MIR/ILT family, such as 

20 ILT1 ' These similarities are illustrated in Figure 5, which shows the activatory or 
non-inhibitory receptors of the immunoglobulin superfamily (IgSF) or of the 
lectin type, and their inhibitory counterparts, ^^f^*^ ~' 
each pair of receptors (from left to right: ™" R - B "^ IR - A '^ 
2 s SIRP6 KIR-KAR, Fc 7 RIIB-Fc 7 RIII, NKG2A/B-NKG2C D, 

mLy49A/B/C/E/F/G/I-mLy49D/H) are the cells which express them naturally. 
The activatory or non-inhibitory receptors possess neither an IT1M 
(immunoreceptor inhibitory moiety based on tyrosine residue(s)) nor an ITAM 
(immunoreceptor activatory moiety based on tyrosine residue(s)) but do possess a 
,o charged amino acid residue in their transmembrane domain (TM) (R = argimne K 
" = lysine, D = aspartic acid, E = glutamic acid). The inhibitory counterparts ^.ef 
item of each pair) contain an ITIM in their intracytoplasmic part (1C). In the 
extracytoplasmic part (EC), each activatory or non-inhibitory receptor has a high 
homology with its inhibitory counterpart. 
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EXAMPLE 2 : 

Biochemical characterization of the KARAP molecules (cf. Example 1 
above) enabled us to specify the main identification criteria for the KARAP 
s polypeptides, which were particularly as follows: 

- polypeptides containing an extracytoplasmic cysteine amino ac.d allow.ng 
ihe formation of disulfide bridges (cf. Figure 4), 

- polypeptides with an apparent molecular weight of between about 12 and 

16 kDa, and . . . , 

,o - polypeptides having at least one phosphorylatable tyros.ne ammo acid (cf. 

F,8Ure Given the strong similarities existing between the KARAP molecules 
identified at 12, 14 and 16 kDa, we assumed that these three molecular forms 
represented different degrees of phosphorylation of the same KARAP polypept.de, 

15 whose molecular weight could not exceed 12 kDa. 

Furthermore, a major characteristic of KARAPs lies in their selective 
association with KARs and not with KIRs. Given that, in contrast to KIRs, KARs 
possess a transmembrane charged amino acid (lysine: K) and that this particular 
feature is also the basis of the association of the ITAM polypeptides present in the 

20 complexes CD3/TCR, BCR, FcbRI and FcyRIIIA (CD16), we orientated our 
strategy for identification of the KARAP gene by considering that KARAP is a 
new member of the family of the ITAM transmembrane polypeptides. In fact, the 
latter share the same characteristics with KARAP: 

- polypeptides containing an extracytoplasmic cysteine amino ac.d (U 
25 allowing the formation of disulfide bridges, 

- polypeptides with a low molecular weight not exceeding 25 kDa, 

' - polypeptides having at least one phosphorylatable tyrosine ammo ac.d 

included in an ITAM: YxxL/Ix 6 8 YxxL/L and 

- presence of a transmembrane charged amino acid. 

We thus developed a biological data processing strategy for 'dcntify.ng a 
gene from the public cDNA libraries available in the EST, GENBANK, 
SWISSPROT and EMBL forms. We used 2 different approaches: 

1/ We translated all the ESTs according to the 6 reading frames, s.ngl.ng out 
only the peptides which had between 50 and 200 amino acids (envisaged 
35 molecular weight of between 5.5 and 22 kDa). We applied several selection 
criteria to this sub-base: 

- Existence of a predicted transmembrane region of at least 10 amino acids, 
starting with amino acid 30, by Argos' method (Rao & Argos, 1986 Biochem. 
Biophys Acta, 869, 197-214). In fact, by homology with the ITAM polypeptides 



such as CD3^ and FCeRFy, the major part of the KARAP sequence is predicted as 

being intracytoplasmic. 

-Search for an ITAM (Y-x-x-lIL]-x(6,8)-Y-x-xlIL]) in the C-terminal 

position of the transmembrane zone. 

- Presence of a charged amino acid (R, K, D, E) in the transmembrane 

region. 

- Presence of a cysteine amino acid (C) in the C-terminal position of the 

transmembrane zone. 

21 We searched for the EST entries (analysis also performed with EMBL, 
GENBANK and SWISSPROT) which had sequence similarities to the entry 
CD3Z_HUMAN. The program used was TBLASTN (version 1.4.11; Altschul, 
Stephen F., Warren Gish, Webb Miller, Eugene W. Myers and David J. Lipman, 
1990, J. Mol. Biol., 215, 403-10) or TBLASTN (version 2.0.3; Altschul. Stephen 
F., Thomas L. Madden, Alejandro A. Schaffer, Jinghui Zhang, Zheng Zhang, 
Webb Miller and David J. Lipman, 1997, Nucleic Acids Res., 25, 3389-3402). To 
these similar entries we then applied the selection criteria used in the first 
approach. 

By combining these two biological data processing approaches and after 
having successively determined the leader, transmembrane, intracytoplasmic and 
extracytoplasmic regions of the candidate molecules with the aid of 
hydrophobicity profiles (Genworks and DNA Strider programs), we obtained a 
large number of sequences potentially corresponding to that of KARAP. Among 
these sequences, the one corresponding to accession number AA242315 in 
Genbank appeared to us to be the sequence of the murine KARAP gene (SEQ ID 
no. 1, C57B1/6 murine cDNA). Figure no. 7 shows the DNA sequence (SEQ ID 
no l' cDNA) of a KARAP polypeptide according to the invention; this sequence 
corresponds to the sequence of the murine KARAP gene. In fact, translation of 
the nucleotide sequence gives an open reading frame of 396 nucleotides (SEQ ID 
no 2) This result is illustrated in Figure no. 8, which shows that part of the 
nucleotide sequence of the KARAP gene (SEQ ID no. 1) which is between the 
leader sequence (excluded) and the stop codon, and which also shows, underneath 
this nucleotide sequence, the corresponding amino acid sequence (1 -letter code) 
(SEQ ID no. 2, 3-letter code), i.e. the amino acid sequence of the mature murine 
KARAP according to the invention (SEQ ID no. 2). Standard analysis of this 
sequence predicts a mature protein of 87 amino acids (molecular weight of 9.6 
kDa), an extracytoplasmic part of 16 amino acids (Q r G lft ), a transmembrane part 
of 24 amino acids (V 17 -G 40 ) and an intracytoplasmic part of 47 amino acids (R 41 - 
R H -) According to our search strategy, the extracytoplasmic part comprises at 
least one cysteine amino acid (in fact two, C 8 and C 10 ). a transmembrane amino 
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acid (D„> and an intracytoplasmic ITAM (Y M QELQGQRHEVY 7ft SDL) Figure 9 
Ululates ,hc comparisons which can be made by aligning sequences between he 
ITAM polypeptides described previous,y and the polypeptide according to the 
nvention possessing one (or more) ITAMs, and indicates the resulting consensu. 
ITAM seauence- Figure 9 shows the alignment of the ITAMs of HAM 
oCp deT six CD3 S , one Iga. one ,g P . FceR.v and FceRip) and an ITAM of the 
murine KARAP polypeptide (SEQ ID no. 2) identified above accordmg to the 
Z nln (labelled "KARAP" in said Figure 9). On the basis of this companion 
with the ITAMs described previously (Figure 9). we were able to env.sage the 
association of the phosphorylated KARAPs with tyrosine kmas< = protetn 
containing SH2 groups in tandem (proteins such as ZAP-70 and p72Syk). The 
association of KARAPs with recombinant fusion proteins correspondtng to the 
SH2 groups of ZAP-70 (preparation described in: Olcese L.. Lang R. Vely K. 
Camblaggi A.. Margue, D.. Blery M.. Hippen K.L.. Btasson, R MoreUa A 
Moretta U Cambier J.C.. Vivier E.. 1996. J. Immunol ^J*? 1 "^ ™ 
verified in vitro: these experiments were carried out as desenbed in Figure 3A. 
ane 3 but the cel, lyzaL were adsorbed by the reeombina n, Juston pre . 
corresponding to the SH2 groups of ZAP-70 instead of the antt-CDl 58 anubody^ 
Thus KARAP is a novel ITAM transmembrane molecule which associates wtth 
KARs and which, in a phosphorylated tyrosine form, associates with ZAP-70. 
KARAP is therefore a novel transducing element of T and NK lymphocytes. I. ,s 
possible that KARAP or KARAP analogues also associate with the activatory 
isoforms of .TIM receptors and serve in these mul.imolecular complexes as 
subunits for transducing the signals emitted when the receptor is taken up. 

A particularly appropriate method of determmtng or checking that a 
candidate polypeptide of known sequence corresponds to a KARAP according to 
hetvention consists in producing an antibody against a characteristic par, o his 
candidate polypeptide (for example an intracy.oplasmic region compnsmg a, least 
one ITAM. or" extracytoplasmie region) and in verifying that this antibody 
recognizes, on a functional cell, for example a functional KAR cell, a target 
w ich s associated with the receptor for which the candidate polypep ,dc , 
aimed ,o be the KARAP (i.e.. in the case of KAR* ce Is. verifying that the 
antibodv recognizes a target which is associated with a KAR). 

This method of identifying KARAP polypeptides according to the invention 

thus consists in particular in: „„.,:„., .his 

- producing a monoclonal or polyclonal antibody directed against th s 
candidate polypeptide and in particular against a region of thts candidate 
polypeptide which comprises a. leas, one ITAM (for example, ,n the case of he 
murine KARAP identified above, an antibody directed against a region of the 
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extracytoplasmic part (SEQ ID no. 3) or the intracytoplasmic part (SEQ ID no. 5) 

° f ^ iringing'this antibody into contact with a lyzate of cells possessing in a 

functional form, the activatory or non-inhibitory receptor for which the candidate 
s polypeptide is assumed to constitute the KARAP, for example functional KAR 

cells such as NK or T cells, under mild conditions allowing binding reactions of 

the antieen-antibody type, and 

-identifying .he candidate polypep.ide as being a KARAP polypepttde 

according to the inven.ion when .ho reaction products which may be formed 
,o contain a product whose apparent molecular weigh, is similar to that of a KAR 

(about 50 kDa) and a product whose apparent molecular wetgh. ,s stm.lar to that 

of the candidate polypeptide (especially between about 10 and 16 kDa). 

This identification method according to the invention can be earned out in 

particular by: 

- bringing said antibody into contact as described above, 
-precipitating the reaction products which may be formed, under m.ld 

detergent conditions which preserve the molecular complexes (for example 1% 

dieitonin; cf. Example 1 above), 

- measuring the molecular weigh, of the precipitated products, for example 
20 by elec.rophore,ic migra.ion in the presence of molecular weigh, markers on a 

Dolvacrvlamide gel under denaturing conditions, and 

identifying the candidate polypep.ide as being a KARAP polypep.tde 
according lo (he invention as described above. 



25 EXAMPLE 3 : 

1° Identification of several ESTs corresponding to KARAP 

Our strategy for cloning murine KARAP by biological data processing^ 
,„ shown in Example 2 above, also reveals the existence of 5 ESTs (Expressed Tag 
Sequences) which correspond to our definition of KARAP These are EST 

AA24Z3,, AA7347*. W88.59. ^^^J^^. 

illustrate the cDNA sequences of EST AA24231b 

AA098506 and W41142 respectively (SEQ ID no. 6 to SEQ ID no. 10 
,s respectively). Figures 10B to 14B illustrate the protein sequences corresponding 
spec ivel to these ESTs (SEQ ID no. 11 to SEQ ID no. 15 for the proteins o 
ESTAA242315 AA734769, W88159, AA098506 and W41 142 respectively). All 
these ESTs were obtained from tissues taken from C57B1/6 mice and were aligned 
in order to obtain a cDNA sequence corresponding to an open reading frame. This 
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is illustrated in Figure 15. which shows the alignment of the sequences of EST 
(SEQ ID no. 9), AA242315 (SEQ ID no. 6). W88159 (SEQ ID no 8), 
AA734769 (SEQ ID no. 7) and W41142 (SEQ ID no. 10) and shows the result.ng 
consensus sequence (consensus murine KARAP cDNA; SEQ ID no. 16). 

This is also illustrated in Figure 16, which shows the alignment of the 
t cct a a '>A')~k \ ^ (SFO ID no 11), W88159 (SEQ ID no. 13). 
protein sequences of EST AA24231t> (bfc^ iu no. u, 7 , /47AO ,. FO m 

W41142 (SEQ ID no. 15), AA098506 (SEQ ID no. 14) and AA734769 (SEQ ID 
no 12) and shows the resulting consensus sequence (consensus murine KARAP; 
SEQ ID no 17). In these Figures 15 and 16, the symbol indicates an identity 
with the consensus sequence in question and the symbol indicates the absence 
of sequencing data. 

2° Genomic sequence of murine KARAP 

A library of genomic DNA (phage lambda, EMBL3), isolated from mice of 
the 129 murine line, was screened with the cDNA corresponding to the sequence 
of EST AA734769 by a conventional technique. A phage containing an 18 kD 
fragment was identified as positive. This phage was mapped by cleavage with a 
series of restriction enzymes and a 9 kb EcoRI-EcoRI fragment obtained rom he 
phage was cloned into cloning vector pBlue-Script and contains the whole of the 
murine KARAP gene (from the initial ATG to the STOP sequence). The sequence 
of this murine KARAP gene is shown in Figure 17 (SEQ ID no. 18; 2838 bp). 

Furthermore, oligonucleotide primers were generated in order to obtain the 
genomic organization of murine KARAP. The primers used are shown in Table 1 
below (SEQ ID no. 19 to SEQ ID no. 26): 
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The genomic organization of murine KARAP is shown in Figure 18. We 
also obtained the cDNA sequence and hence the protein sequence of murine 
KARAP of the 129 line from these data. This cDNA sequence (SEQ ID no. 27) 
and this protein sequence (SEQ ID no. 28) are shown in Figure 19. 

The protein sequence translated in this way is: 

MGALEPSWCLLFLPVLLTVLGLSPVQA Signal sequence 

QSDTFPRCDCSSVPG Ex.racy.oplasm.c domam 

VLAG.VLGDLVLTLL1ALAYSLG Tra™ brane domam 

RLVSRGQERTRKQHIAETESPYQELQGQRPEVYSDLNTQRQYYR 

v Intracytoplasmic domain 

Considered together, these genomic mapping results show that the murine 
KARAP sene (from the initial ATG to the STOP sequence) has a length of about 
2.9 ,b and comprises 5 exons. These resuUs are illus.ra.ed I in Figure n ^ 
shows from top to bottom, the genomic DNA of murme KARAP of 129 m e 
Walk: transited exon; horizontal hatching: untranslated exon: whue: m.ron). the 
orresponding protein sequence (SEQ ID no. 28 from exon no. 1 to exon no. 5^ 
and the nature of the different regions of this protein (SS = s.gnal sequence EC - 
x r c toplasmic domain: TM = transmembrane domain: .C = .ntracytoplasrmc 
domain,. Exon 1 codes for an N-.erminal portion of the signal sequence, exon 2 
codes for the remainder of the signal sequence and the firs, three ammo ac.ds of 
he ex.racy.oplasmic part, exon 3 codes for the remainder of the extracytop asm.c 
part e t ansmembrane par. and the firs. 9 amino acids of .he mtracy.op.asrmc 
par ' exon 4 codes for .he !4 amino acids of the intracytoplasrmc par, and exon 5 
codes for the remainder of the protein. As expected for the genom.c organ,za.,on 
of an ITAM polypep.ide like KARAP. .he ITAM is coded for by .wo exons (exons 
4 and 5) separated by a type 0 in.ron. 

3" Functional ^constitution of a KAR (p50.2) expressed in RBL-2H3 cells by 
the human KARAP DAP- 12 

We obtained the cDNA coding for human KARAP by RT-PCR. generanng 
oligonucleotide primers deduced from the sequence of murine KARAP. The 
, primers used are shown in Table 2 below (SEQ ID no. 29 and no. 30): 
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The sequence of the cDNA obtained is shown in Figure 21 (SEQ ID no. 31; 
cDNA of human KARAP). RNA extracted from KAR + human NK clones was 
used as the base for generating this cDNA. This cDNA was cloned into 
eukaryotic expression vector pNT-neo and stable transfectants for this human 
KARAP were generated in the KAR + transfectant (p50.2) of the RBL-2H3 cell line 
(Blery et al., J. Biol. Chem., 1997). The capacity of the KARs expressed on the 
now doubly transfected P 50.2 + and KARAP + RBL-2H3 cells to transduce an 
activatory signal was tested by stimulation with antibodies directed against the 
extracytoplasmic part of p50.2 and by following the release of tritiated serotonin. 

The protocol adopted for this tritiated serotonin release experiment is as 
follows: 

These cells are detached, centrifuged and resuspended in RPMI/10% FCS at 
a final concentration of 1 x 10 6 cells per ml. The cells are then incubated for 1 
hour with 2 p.Ci of tritium-labelled serotonin per ml of cells. The cells are washed 
and then reintroduced into medium for 1 hour at 37°C so that they release the 
excess serotonin from their stocks. The cells are then distributed into 96-well 
plates (200,000 cells per well) with mouse IgE (2682-1) or an anti-p50 Ab 
(GL183). The cells adhere for 1 hour and are then washed. They are returned to 
37°C for 15 minutes and then stimulated with F(ab')2 GAM (50 M g/ml). The cells 
are left for 30 minutes at 37°C to enable them to release their serotonin. The 
reaction is stopped by adding cold HBSS and placing the cells on ice. Half of the 
supernatant from each well is then recovered and placed in 1 ml of scintillation 
liquid. 100% degranulation is obtained from the same volume of lyzate obtained 
from cells which incorporate serotonin but are not stimulated. The samples are 
then counted on a (5 counter. 

The results obtained are illustrated in Figure 22, which shows the % of 
serotonin released into the supernatant by the doubly transfected p50/human 
KARAP RBL-2H3 cells stimulated by the antibody indicated on the abscissa (left: 
no antibody; centre: mouse IgE : mlgE 1/500; right: GL183 5 M g/ml). As 
indicated in this Figure 22, whereas the uptake of KAR into RBL-2H3 by an 
antibody reacting with the extracytoplasmic part of KAR (the monoclonal 
antibody GL183) does not result in activation of the cells, the uptake of KAR by 
GL183 in the RBL-2H3 double transfectants expressing both human KAR and 
human KARAP does result in cell activation (objectified here by the release of 
serotonin from the cells). This is therefore the formal proof that the identified 
human KARAP sequence reconstitutes the functionality of KARs. 

Figure 23 illustrates the homology between the organization of the human 
KARAP gene and that of the murine KARAP gene (El to E5: exon 1 to exon 5: II 
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to 14: intron 1 to intron 4). The numbering of the base pairs of the human and 
murine KARAP genes is indicated in said Figure. 



